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是连接 Nrf2 与 Cul3 的衔接蛋白，介导 Nrf2 通过蛋白酶体途径进行降解，目前
关于 Keap1的转录调控几乎未知。我们研究证实，Keap1是 FoxO3的下游靶基
因，敲低 FoxO3 导致 Keap1 的转录下调，从而激活 Nrf2 信号通路。我们进一







在临床胆管癌样本中，我们检测到磷酸化的 AKT 与 Keap1 的 mRNA 水平呈负
相关，磷酸化的 AKT与 Nrf2蛋白水平呈正相关，FoxO3 mRNA与 Keap1 mRNA
的表达水平呈正相关性，FoxO3 mRNA与 Nrf2蛋白的表达水平呈负相关性，这


























The PI3K/AKT pathway is one of the most dysregulated signaling 
cascades in human cancers. However, the mechanism underlying PI3K/AKT 
signaling in tumorigenesis is unclear. FoxO transcription factors which are 
negatively regulated by PI3K/AKT pathway have been reported to play pivotal 
roles in tumorigenesis and drug resistance. The mechanisms underlying the 
tumor suppression function of FoxOs in human cancers remain largely 
unknown. Aberrant expression and activation of Nrf2 often correlate with 
chemoresistance and poor prognosis. Here, we report that FoxO3 directs the 
basal transcription of Kelch-like ECH-associated protein 1(Keap1), an adaptor 
protein that bridges Nrf2 to Cul3 for degradation. FoxO3 depletion resulted in 
Keap1 down-regulation, thereby activating Nrf2 signaling. We further 
demonstrated that inhibition of the FoxO3-Keap1 axis accounts for Nrf2 
induction and activation induced by constitutively active AKT signaling or tumor 
necrosis factor a treatment. Unlike previous ﬁndings, FoxO3 silencing led to 
decreased reactive oxygen species production, therefore protecting cells from 
oxidative stress-induced killing in an Nrf2-dependent manner. Importantly, 
FoxO3 deﬁciency strongly potentiated tumor formation in nude mice and 
rendered cholangiocarcinoma xenografts resistant to cisplatin-induced cell 
death by activating Nrf2. Additionally, we found that clinical cholangiocarci-
noma samples displayed FoxO3-Keap1 down-regulation and Nrf2 
hyperactivation, underscoring the essential roles of these proteins in 
cholangiocarcinoma development. Conclusion: Our results unravel a unique 
mechanism underlying the tumor suppressor function of FoxO3 through 
constraining Nrf2 signaling. 
 
 

















Chapter One Background 
 
1.1胆管癌的研究进展： 





































图1. 1 胆管癌的发生部位，引自文献[8] 
















































































两侧各有一个 “翼”状环，即“winged loop”区，因此这类转录因子又被称为 
Forkhead /winged helix转录因子（图1.3）[21]；FoxO通过DNA结合区域与一段
保守DNA序列（G/C）（T/A）AA（C/T）AA相结合，该结合位点又被称为FBE












     
 
图 1. 2 FoxO3的结构域，引自文献[20] 


















图 1. 3 FoxO3的蛋白结构，引自文献[21] 
Figure1.3 The complete structure of FoxO3a-DBD/DNA complex. The 
secondary structure elements and the N and C termini of FoxO3a-DBD are 




1.2.3 The transcriptional regulation and posttranslational 
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